Introduction {#section1-1559325820939429}
============

Diabetes mellitus (DM) is a metabolic disorder in which fasting blood glucose level increases up to 120 mg/dL, after 2 hours of any type of meal taken by an individual. Diabetes is also associated with other complications such as cardiac diseases, blindness, and renal failure.^[@bibr1-1559325820939429],[@bibr2-1559325820939429]^ Diabetes is characterized by high blood glucose level which leads to the generation of reactive oxygen species which causes oxidative damage in the β-cells of pancreas, kidney, and liver.^[@bibr3-1559325820939429]^ Diabetes is classified into 2 main types, type 1 and type 2 diabetes. In type 1 or insulin-dependent diabetes mellitus (IDDM), the β-cells of pancreas fail to produce insulin due to autoimmune response or genetic factors, while in type 2 diabetes or non-insulin-dependent diabetes mellitus (NIDDM), the pancreas produces insulin but its receptors are blocked or unable to perform its actions due to sedentary life style or other adaptive causes. Insulin-dependent diabetes mellitus establishes about 5% to 10% of total diabetic cases due to deficiency of insulin secretion,^[@bibr4-1559325820939429]^ while NIDDM accounts for 90% to 95% of the cases due to the deficiency in its actions. In this type of disease, the insulin production by pancreas is sufficient, but there is no response by muscular tissue for insulin, this occurs mainly due to pancreatic disease, genetic defects in insulin action, surgery, infections, drugs, or chemicals and environmental factors.^[@bibr4-1559325820939429]^ World Health Organization (WHO) has declared that diabetes will affect 439 million in 2030 worldwide.^[@bibr5-1559325820939429]^

The previous report showed that the inhibitory enzyme such as α-glucosidase enzyme reduces the rate of carbohydrate digestion, and as a result, the hyperglycemia level decreases.^[@bibr6-1559325820939429]^ The synthetic drugs have limited efficacy, severe adverse effects, and costly, and resistance is developing against them. According to the WHO, more than 150 herbs are being used for the management of DM^[@bibr7-1559325820939429],[@bibr8-1559325820939429]^ and that also recommended the development of phytomedicine for the treatment of the disease.^[@bibr9-1559325820939429]^ Globally, herbal drugs are popular these days and getting more attention in alternative medicine.^[@bibr5-1559325820939429],[@bibr10-1559325820939429][@bibr11-1559325820939429][@bibr12-1559325820939429][@bibr13-1559325820939429][@bibr14-1559325820939429][@bibr15-1559325820939429][@bibr16-1559325820939429]-[@bibr17-1559325820939429]^

There are number of medicinal plants/plant-derived medicines which are traditionally used for the treatment of diabetes.^[@bibr11-1559325820939429]^ A few examples are *Acacia arabica* bark,^[@bibr18-1559325820939429]^ *Allium sativum* bulb,^[@bibr3-1559325820939429]^ *Aloe barbadensis* fresh leaf gel,^[@bibr19-1559325820939429]^ *Curcuma longa*,^[@bibr20-1559325820939429]^ and *Nigella sativa* seeds.^[@bibr21-1559325820939429]^ Increased formation of free radicals and decreased antioxidant potential may be a reason in both IDDM and NIDDM.^[@bibr22-1559325820939429]^ The antioxidant principles may be useful as organ-protective and antidiabetic agents. Some of the members of Euphorbiaceae family, such as *E prostrata* and *E hirta* (plants of the same genus) have been reported to have a hypoglycemic effect.^[@bibr23-1559325820939429]^ These medicinal plants contain flavonoids, phenolic compounds, terpenoids, carotenoids, alkaloids, glycosides, coumarins, and other active constituents which have antidiabetic properties.^[@bibr24-1559325820939429][@bibr25-1559325820939429]-[@bibr26-1559325820939429]^

One of the members of the family Euphorbiaceae, *Euphorbia nivulia (En)* Buch.--Ham gains the attention of the researchers due to its biological activities.^[@bibr27-1559325820939429]^ This plant is reported to be involved in the treatment of skin disorders, ear infections, worm infection, and retention of urine.^[@bibr28-1559325820939429]-[@bibr29-1559325820939429][@bibr30-1559325820939429]^ We presumed that this plant might have antidiabetic potential as it belongs to the same family that are known to have strong antidiabetic potential. We aimed to examine its hypoglycemic effect as this plant is available in Northern, central India as well as in Pakistan. Chemically, it contains tetracyclic triterpenes and 3 diterpenes.^[@bibr31-1559325820939429]^ The latex also contains phenolic compounds, alkaloids, cyanogenic glycosides, terpenes, and tannins.^[@bibr28-1559325820939429]^

The present study was aimed to analyze the phytoconstituents of *En* and to evaluate its antioxidant potential and α-glucosidase inhibitory and anti-hyperglycemic effects in STZ-induced diabetic rats. We used hydroalcoholic (70%) crude extract of *En* to investigate its hypoglycemic/antidiabetic potentials. We found that the administration of this plant extract to the rats results in the reduction of blood glucose. Our in vitro also shows its antioxidant activity. Thus, our in vitro study revealed that this plant has strong antioxidant potential that may be a reason for its in vivo antidiabetic effect.

Materials and Methods {#section2-1559325820939429}
=====================

Plant Material and Extract Preparation {#section3-1559325820939429}
--------------------------------------

Aerial parts (leaves, branches, stem, and flowers) of fresh, well-grown *En* plant (110 kg) were collected during the months of March and April 2015 from Hasilpur Road and adjoining areas of Bahawalpur region, Pakistan, and authenticated by taxonomist Ghulam Sarwar, Department of Botany, The Islamia University of Bahawalpur. Voucher specimen (No. EN-AP-05-12-041) of the plant was deposited in the herbarium of Pharmacology Research Lab, Department of Pharmacy, The Islamia University of Bahawalpur, Pakistan. The collected plant parts were chopped into pieces and spread on filter paper in shade for drying at room temperature for the period of about 40 days; these were powdered by an electric grinder and sieved through mesh no.60. Ten kilograms of dried powdered plant material was macerated in 70% aqueous ethanol at room temperature for 15 days with occasional stirring. Filtration was done by Whatman Grade-1 filter paper followed by 3 times soaking. The filtrate was then evaporated under reduced pressure (−760 mm Hg) and controlled temperature on the rotary evaporator (Heidholph Laborota 4000-efficient Germany and Buchi Rotavapor R-20). A thick and semisolid, dark brown gummy mass was obtained, which was then placed in oven (Memmert Beschichung Loading Model 100-800). The dried material was weighed, labeled, and then stored at 4 °C in refrigerator in airtight container. The percentage yield was calculated and the condensed extract was used for further experimentation.

Equipment and Chemicals {#section4-1559325820939429}
-----------------------

Spectrophotometer (DAD 8453 Agilent), laboratory centrifuge model (YJ03-043-4000), Solid 2,2-diphenyl-1-picrylhydrazyl (DPPH; Sigma), ammonium molybdate, sodium phosphate, phosphate, sulfuric acid, potassium ferricyanide K~3~\[Fe (CN)~6~\], trichloroacetic acid, ferric chloride (FeCl~3~), methanol, ascorbic acid, quercetin, gallic acid, pyrogallol, brilliant green, FeSO~4~, H~2~O~2~, Na~2~CO~3~, microplate reader, dimethyl sulfoxide (DMSO), potassium phosphate, and Na~2~CO~3~. Analytical grade solvents and chemicals including DPPH used were purchased from Merck, Sigma-Aldrich, and B.D.H. Glibenclamide was purchased from local market (Euglucon, Martin Dow Ltd; Batch No. P05094) and streptozotocin (Lot no. 5K40517 from Bioshop Canada Inc).

Experimental Animals {#section5-1559325820939429}
--------------------

Wistar rats (180-200 g) were used for experimentation. Guidelines of National Institute of Health, Islamabad, were strictly followed to conduct the experiment. The designed protocol was ratified (Bch\#0265) by the ethical committee of Quaid-i-Azam University, Islamabad, Pakistan. Animals were kept at room temperature with a dark/light 12-hour cycle in aluminum cages and provided with water and standard chow/pellet diet supply ad libitum. The animals were acclimatized for 1 week under laboratory conditions.

Phytochemical Screening {#section6-1559325820939429}
-----------------------

Preliminary qualitative phytochemical screening of the crude extract to identify different phytoconstituents such as alkaloids, glycosides, flavonoids, tannins, saponins, phenols, and so on was carried out by using standard conventional procedures.^[@bibr32-1559325820939429]^

Quantification of Total Phenolic Content {#section7-1559325820939429}
----------------------------------------

Total phenolic content (TPC) of *En* crude extract was determined using Folin--Ciocalteu method. Briefly, colorimetric method was used with some modifications. An aliquot of 0.3-mL (various concentrations) extract was mixed with 2.25 mL Folin--Ciocalteu phenol reagent. After 5 minutes, 20 to 25 mL of Na~2~CO~3~ (6%) was added. The solution was allowed to stand for 90 minutes. Afterward, absorbance was measured at 725 nm. Total phenolic content was calculated using the standard calibration curve (ranging from 0 to 200 µg/mL) and data were expressed as milligram of gallic acid equivalent per gram of dry extract (mg of GAE/g of DE). Assays were carried out in triplicates.^[@bibr33-1559325820939429]^

Quantification of Total Flavonoid Content {#section8-1559325820939429}
-----------------------------------------

Total flavonoid content (TFC) in *En* crude extract was measured by modified colorimetric method. A calibration curve was established using quercetin as standard, 1 mg/mL in methanol, ranging from 0 to 100 µL (0-100 µg). All solutions were made in methanol. A 100 µL of sample solution was mixed with 25 µL of 1% sodium nitrite solution and allowed to stand for 5 minutes, followed by the addition of 10 µL of 10% aluminum chloride solution and again allowed to react for 5 minutes. Finally, 35 µL of 4% sodium hydroxide solution was added and mixture was diluted with 30 µL of methanol. Absorbance was measured at 510 nm. Total flavonoid content was calculated using the calibration curve equation and expressed as milligram of quercetin equivalent per gram of dry extract (mg of QE/g of DE).^[@bibr34-1559325820939429]^

High-Performance Liquid Chromatography Analysis of Phenolic Compounds {#section9-1559325820939429}
---------------------------------------------------------------------

Hydrolysis of *En* crude extract was performed in Central Hi-Tech Laboratory, University of Agriculture, Faisalabad, Pakistan, as described previously by Pak-Dek et al.^[@bibr35-1559325820939429]^ A 50 mg of each extract was dissolved in 24-mL methanol and was homogenized. Distilled water of 16 mL was added, followed by 10 mL of 6 M HCl. Mixture was then thermostated for 2 hours at 95 °C. The final solution was filtered using 0.45-µm nylon membrane filter (Biotech) prior to high-performance liquid chromatography (HPLC) analysis. Separation of plant sample on gradient HPLC (LC-10A, SHIMADZU) was performed using shim-pack CLC-ODS (C118), 25 cm × 4.6 mm, 5-µm column. Chromatographic separation was carried out using a mobile phase gradient: A (H~2~O: acetic acid-94:6, pH = 2.27), B (acetonitrile 100%). The gradient used was 15% solvent B (0-15 minutes), 45% solvent B (15-30 minutes), and 100% solvent B (35-45 minutes) with 1 mL/min flow rate. Ultraviolet (UV)--Visible detector (λ max 280 nm) was used for separation of phenolic compounds. Identification of phenolic compounds was established by comparing the retention time and UV-Visible spectra of the peaks with those previously obtained by injection of standards. Quantification was performed by external calibration.

In Vitro Antioxidant Activity {#section10-1559325820939429}
-----------------------------

### 2,2-diphenyl-1-picrylhydrazyl antioxidant assay {#section11-1559325820939429}

The antioxidant activity of *En* crude extract was measured by DPPH reagent method. A mixture of 90 µL of 0.3 mM DPPH solution and 10 µL of sample solution dissolved in methanol (5 mg/mL) was mixed and incubated for 30 minutes at room temperature in dark in 96-well plate. Absorbance was measured at 517 nm by using LT-4500 96-well microplate reader, LabTech. Absorbance of blank and standard were also measured. Both positive and negative controls were included in the triplicate assays. The percentage of total inhibition of DPPH radicals was measured by using the following equation:

Inhibition 
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=

Abs of blank-Abs of sample

Abs of blank

×

100
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Antioxidant activity of active samples after suitable dilutions were determined and IC~50~ values were calculated using EZ-Fit Enzyme Kinetics Software (Perrella Scientific Inc).^[@bibr36-1559325820939429]^

### Assay of total antioxidant capacity/reducing power assay {#section12-1559325820939429}

Total antioxidant capacity of *En* crude extract was measured by ferric reducing antioxidant power (FRAP) method. This method is based on the ability of tissue in reducing Fe^3+^ to Fe^2+^ in the presence of TPTZ (2,4,6-tris(2-pyridyl)-s-triazine). The reaction between Fe^2+^ and TPTZ gives a blue complex with the maximum absorbance at 593 nm.^[@bibr37-1559325820939429]^ Fe-reducing power of plant extract was determined by the method of Nile and Park (2015), with a slight modification. The reaction flask consists of 100 mL extract, 0.5% vol/vol DMSO, and 5 mL of potassium ferric cyanide (1 mM) solution which was incubated for 30 minutes in water bath. Finally, the reaction was terminated using 3 mL of trichloro acetic acid (10%) solution. The upper portion of the reaction mixture (5 mL) was mixed with 5-mL distilled water and 1-mL FeCl~3~ solution (0.01%). The absorbance of the sample was measured at 593 nm spectrophotometrically after cooling for 10 minutes at room temperature, using an appropriate blank solution. The calibration curve was constructed using Trolox (100-2000 lM), and the results were expressed in l mol Trolox/g extract. All values were taken in triplicates, and mean ± SD values were calculated.

α-Glucosidase Inhibition Assay {#section13-1559325820939429}
------------------------------

α-Glucosidase inhibition was carried out with slight changes as described by Pierre protocol.^[@bibr38-1559325820939429]^ A 100 µL of the reaction mixture, consisting of 70-µL (50 mM) phosphate-buffered saline with pH 6.8, and 10-µL (0.5 mM) test compound was prepared. A 10-µL (0.057 units) of enzyme was added to it. All these contents were mixed, preincubated for 10 minutes at 37 °C and pre-read at 400 nm. Reaction started by the addition of 10-µL (0.5 mM) substrate (*p*-nitrophenyl glucopyranoside). Acarbose was used as positive control. After 30 minutes of incubation at 37 °C, absorbance was measured at 400 nm using Synergy HT (BioTek) 96-well microplate reader. Yellow color absorbance was produced due to the formation of *p*-nitrophenol. Percentage inhibition of the enzyme was calculated using the following equation:
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EZ-Fit Enzyme Kinetics Software (Perrella Scientific Inc.) was used for the calculation of IC~50~ values. IC~50~ value is the concentration at which 50% enzyme activity is inhibited. The sample was dissolved in methanol and experiments were performed in triplicate (mean ±SEM, n = 3).

Induction of Diabetes by Streptozotocin {#section14-1559325820939429}
---------------------------------------

Streptozotocin single injection (55 mg/kg body weight (BW) dissolved in citrate buffer) was injected intraperitoneally to induce diabetes in overnight-fasted rats. Animals were monitored 12 to 24 hours and serum glucose level was measured by using glucometer (range of 400-500 mg/dL was considered as diabetic).

Anti-Hyperglycemic Effect in Rats {#section15-1559325820939429}
---------------------------------

The experiment was performed in Wistar rats using 3 different doses of the extract (125, 250, and 500 mg/kg) during 28-day study. Rats were divided into 6 groups (n = 5).Group I: normal control, received distilled water.Group II: positive control, received glibenclamide 10 mg/kg BW followed by STZ 55 mg/kg BW.Group III: diabetic control group STZ 55 mg/kg BW.Group IV: 125 mg/kg BW of *En* extract followed by STZ 55 mg/kg BW.Group V: 250 mg/kg BW of *En* extract followed by STZ 55 mg/kg BW.Group VI: 500 mg/kg BW of *En* extract followed by STZ 55 mg/kg BW.

The experiment was performed on fasting rats, starved for 12 hours. The prepared solutions and dilutions of different extracts were administered to their respective groups. Blood samples were collected during 28 days dosing interval, and blood glucose was measured by using glucometer.^[@bibr39-1559325820939429]^

Analysis of Lipid Profile {#section16-1559325820939429}
-------------------------

Animals were slaughtered at the end of treatment. Blood samples were collected for the analysis of different physiological parameters such as high-density lipoproteins (HDL), triglycerides (TG), and total cholesterol (TC).

Histopathology {#section17-1559325820939429}
--------------

A 10% formalin was used for storage of harvested tissues. Histopathology standard procedures were utilized for handling the tissues. The pancreas of the treated rats was collected and subjected to hematoxylin and eosin staining as per the manufacturer's protocol.

Results {#section18-1559325820939429}
=======

Preliminary Phytochemical Screening {#section19-1559325820939429}
-----------------------------------

The crude extract of *En* was subjected for phytochemical analysis. We found that the extract contains various phytochemicals such as alkaloids, glycosides, flavonoids, phenols, saponins, tannins, and carbohydrates are shown in [Table 1](#table1-1559325820939429){ref-type="table"}.

###### 

Phytochemical Evaluation (Crude *Euphorbia nivulia* Extract).

![](10.1177_1559325820939429-table1)

  Test                         Observation                Inference
  ---------------------------- -------------------------- -----------------------
  Alkaloids                                               
   Hager test                  Yellow ppt                 Alkaloids present
   Mayer Test                  Creamy ppt                 Alkaloids present
   Wagner test                 Reddish-brown ppt          Alkaloids present
  Glycosides                                              
   Keller-Killani test         Brown ring (at junction)   Glycosides present
  Tannins                                                 
   Fe Cl~3~ test               Blackish color             Tannins present
  Flavonoids                                              
   Test with alkali solution   Dark yellow color          Flavonoids present
  Saponins                                                
   Froth test                  Froth formation            Saponins present
  Phenolic contents                                       
   Fe Cl3 test                 Blackish color             Phenolic present
  Carbohydrates                                           
   Fehling reagent             Brick-red color            Carbohydrates present

Total Phenolic Content and Total Flavonoid Content {#section20-1559325820939429}
--------------------------------------------------

Then, we measured the TPC and TFC of *En* extract. Total phenolic content and TFC were quantified using gallic acid and quercetin as standard. We found that the crude extract possesses promising phenolic and flavonoid content as depicted in [Tables 2](#table2-1559325820939429){ref-type="table"} and [3](#table3-1559325820939429){ref-type="table"}. It yielded 125.6 ± 1.32 mg/g GA TPC and 69.8 ± 1.21 mg/g GQ TFC, respectively.

###### 

Total Phenolic Content of *Euphorbia nivulia* Crude (*En*cr) Extract and Fractions.

![](10.1177_1559325820939429-table2)

  Sr.\#.   Sample                              Total phenolics (mg GA equivalent/g of sample)
  -------- ----------------------------------- ------------------------------------------------
  1        *Euphorbia nivulia* crude extract   125.6 ± 1.32

###### 

Total Flavonoid Content (TFC) of *Euphorbia nivulia* (*En*) Crude Extract and Fraction.

![](10.1177_1559325820939429-table3)

  Sr.\#.   Sample               TFC (equivalent to mg quercetin/g of sample)
  -------- -------------------- ----------------------------------------------
  1        *En* crude extract   69.8 ± 1.21

HPLC Analysis of Phenolic Compounds {#section21-1559325820939429}
-----------------------------------

Next, we performed HPLC to analyze phenolic contents in the extract; HPLC confirmed the presence of 8 polyphenols: quercetin, gallic acid, caffeic acid, vanillic acid, benzoic acid, chlorogenic acid, syringic acid, and ferulic acid in the extract of *En*. [Figure 1](#fig1-1559325820939429){ref-type="fig"} shows the representative HPLC chromatograms generated for the detection of the polyphenols that were present in the extract of *En.* The Central Hi-Tech Laboratory, University of Agriculture, Faisalabad, used the library of external standards of polyphenols for calculation of quantities of polyphenols in the sample (extract).

![HPLC chromatogram of *Euphorbia nivulia* crude extract, standard gallic acid solution, and quercetin measured at 298 nm and mobile phase water:ethyl acetic acid (94:6).](10.1177_1559325820939429-fig1){#fig1-1559325820939429}

In Vitro Antioxidant Activities {#section22-1559325820939429}
-------------------------------

### 2,2-diphenyl-1-picrylhydrazyl scavenging assay and FRAP assay {#section23-1559325820939429}

The antioxidant potential of *En* extract was quantified (in vitro) by 2 ways, that is, by free radical scavenging activity (DPPH assay) and by FRAP assay. The results revealed that *En* extract showed excellent antioxidant potential at a concentration of 1.0 mg/mL in both experimental assays as shown in [Table 4](#table4-1559325820939429){ref-type="table"}. The extract demonstrated DPPH radical scavenging activity of 91% ± 0.13% inhibition with IC~50~ 0.14 ± 0.83 μg/mL. Whereas FRAP value of *En* crude extract was 708.32 μM.

###### 

Antioxidant Activity of *Euphorbia nivulia* (*En*) Crude Extract (Expressed as IC~50~).

![](10.1177_1559325820939429-table4)

  Sr.\#   Sample               DPPH (% inhibition)   DPPH (IC~50~ μg/mL)   FRAP value (μM)
  ------- -------------------- --------------------- --------------------- -----------------
  1       *En* crude extract   91                    0.14                  708.32
  2       Rutin (std.)         75.2                  0.014                 --

Abbreviation: FRAP, ferric reducing antioxidant power.

α-Glucosidase Inhibition Assay {#section24-1559325820939429}
------------------------------

*En* extract showed very promising α-glucosidase inhibitory potential as depicted in [Table 5](#table5-1559325820939429){ref-type="table"} at the concentration of 1 mg/mL. Results revealed that it exhibited 97.81% ± 1.87% inhibition of the enzyme with IC~50~ of 22.83 ± 1.53 μg/mL. These values were very close to the standard used.

###### 

Anti-α-Glucosidase Activity of *Euphorbia nivulia* (*En*) Crude Extract Expressed as IC~50~.

![](10.1177_1559325820939429-table5)

  Code              Inhibition (%) at 0.5 mg/mL   IC~50~ (μg/mL)
  ----------------- ----------------------------- ----------------
  En Cr             97.81 ± 1.87                  22.83 ± 1.53
  Acarbose (std.)   92.68 ± 0.19                  37.49 ± 0.17

Antihyperglycemic Effect in Rats {#section25-1559325820939429}
--------------------------------

After inducing diabetes with STZ, antihyperglycemic effect was measured in positive control, diabetic control and *En* extract treated (125, 250, and 500) mg/kg BW rats at days 0, 7, 14, 21, and 28. Orally administered 500 mg/kg BW of the extract showed a significant hypoglycemic effect in comparison to a positive control (*P* \< .001) at day 28. Antihyperglycemic effect of 125 and 250 mg/kg BW of *En* extract was also significant (*P* \< .01) in comparison to the positive control group. Results are presented in [Figure 2](#fig2-1559325820939429){ref-type="fig"}. A dose-dependent decrease in glucose levels was observed, and this effect was significant at day 28.

![Effect of positive control (glibenclamide), diabetic control, and hydro-ethanolic *Euphorbia nivulia* extract at (125, 250, and 500 mg/kg) concentrations in diabetic rats (n = 5). Each value is expressed by taking mean ± SD and analyzed by 1-way analysis of variance. \*\*\*Indicates *P* \< .001; \*\*indicates *P* \< .01; and \*indicates *P* \< .05 compared to positive control and ^\#\#\#^ indicates *P* \< .001; ^\#\#^ indicates *P* \< .01; and ^\#^ indicates *P* \< .05 compared to diabetic control.](10.1177_1559325820939429-fig2){#fig2-1559325820939429}

Analysis of Lipid Profile {#section26-1559325820939429}
-------------------------

Lipid profile was analyzed by comparing the positive control group (glibenclamide) with a diabetic control group and plant extract--treated groups at the concentration of 125, 250, and 500 mg/kg BW. The extract (500 mg/kg BW) significantly improved the TC, TG, and HDL levels at 500 mg/kg BW. Results are compared with both positive and diabetic control groups. Significant hypolipidemia was observed when treatments are compared with the diabetic control group. Results are depicted in [Figure 3](#fig3-1559325820939429){ref-type="fig"}.

![Effect of positive control (glibenclamide), diabetic control, and hydro-ethanolic *Euphorbia nivulia* extract on (A) total cholesterol, (B) triglycerides, and (C) high density lipoproteins (HDL) at (125, 250, and 500 mg/kg) concentrations in diabetic rats (n = 5). Each value is expressed by taking mean ± SD and analyzed by 1-way analysis of variance. \*\*\* indicates *P* \< .001; \*\* indicates *P* \< .01; and \* indicates *P* \< .05 compared to positive control and ^\#\#\#^ indicates *P* \< .001; ^\#\#^ indicates *P* \< .01; ^\#^ indicates *P* \< .05 compared to diabetic control.](10.1177_1559325820939429-fig3){#fig3-1559325820939429}

Histopathology {#section27-1559325820939429}
--------------

Histological analysis of pancreases revealed that STZ induces necrosis in the pancreas of the diabetic rats, while the plant extracts of *En* have significantly reduced the necrotic areas. Results are presented in [Figure 4](#fig4-1559325820939429){ref-type="fig"}. Section from diabetes-induced group exhibits that most of the acinar cells were undergoing degenerative changes including coagulative necrosis (B) was improved markedly on treatment with *En* 500 mg/kg extract (C) when compared with control group (A).

![Photomicrograph of pancreas section of Wistar rats (H & E stain). A, Section from control group exhibiting no pathological changes. B, Section from diabetes-induced group exhibiting acinar cells were undergoing degenerative changes. C, Section from *Euphorbia nivulia* (500 mg/kg)--treated group showing normal acinar cells exhibiting improvement in pancreas. H&E indicates hematoxylin and eosin.](10.1177_1559325820939429-fig4){#fig4-1559325820939429}

Discussion {#section28-1559325820939429}
==========

Traditional medicinal practices formed the basis of most of the early medicines followed by subsequent clinical, pharmacological, and chemical studies.^[@bibr11-1559325820939429][@bibr12-1559325820939429][@bibr13-1559325820939429][@bibr14-1559325820939429][@bibr15-1559325820939429][@bibr16-1559325820939429]-[@bibr17-1559325820939429],[@bibr40-1559325820939429][@bibr41-1559325820939429][@bibr42-1559325820939429][@bibr43-1559325820939429][@bibr44-1559325820939429][@bibr45-1559325820939429]-[@bibr46-1559325820939429]^ Plants have been well-documented for their medicinal uses for thousands of years.^[@bibr47-1559325820939429]^ They have evolved and adapted over millions of years to withstand bacteria, insects, fungi, and weather to produce unique, structurally diverse secondary metabolites. Their ethno-pharmacological properties have been used as a primary source of medicines for early drug discovery.^[@bibr48-1559325820939429],[@bibr49-1559325820939429]^ The current study was conducted to evaluate the antioxidant and antidiabetic potential of *En* (70% hydroalcoholic) extract against STZ-induced DM in Wistar rats. The plant contains phenolic compounds, such as alkaloids, flavonoids, terpenes, and tannins.^[@bibr28-1559325820939429]^ The current investigation proved the presence of flavonoids and TPC in this plant. Prominent antioxidant capacity and profound hypoglycemic/antidiabetic ability of polyphenolic compounds such as gallic acid,^[@bibr50-1559325820939429]^ chlorogenic acid,^[@bibr51-1559325820939429]^ pyrocatechol,^[@bibr52-1559325820939429]^ ferulic acid, and coumarin^[@bibr53-1559325820939429][@bibr54-1559325820939429]-[@bibr55-1559325820939429]^ has been well documented. Quantitative determination of poly phenolics and flavonoids in the extract adds up to the previously reported claims regarding protective effects of these secondary metabolites against oxidative stress.^[@bibr11-1559325820939429],[@bibr40-1559325820939429]^ Antioxidant potential of the extract was evaluated by using in vitro antioxidant DPPH scavenging assay. Well-known DPPH assay is widely practiced to evaluate the scavenging ability of any antioxidant moiety because DPPH is a stable and cell permeable free radical, which appears deep purple. Mechanism of the assay is based on hydrogen (H^+^) accepting ability of DPPH, wherein the proton is donated by scavenger antioxidant molecule, ultimately reducing DPPH to DPPH~2~. Color of reagent changes from purple to yellow at 515 nm.^[@bibr56-1559325820939429]^ Maximum DPPH scavenging activity exhibited by *En* extract was 52.63% ± 1.13% inhibition at 1.0 mg/mL (IC~50~ 482.74 ± 0.83 μg/mL). *Euphorbia nivulia* extract exhibited antioxidant potential that may be attributed to phenolics as well as flavonoids content. It was proposed that formation of free radicals has been associated with the induction of insulin and non-insulin-dependent diabetes.^[@bibr22-1559325820939429]^ *Euphorbia nivulia* extract scavenges free radicals posing antioxidant effect which is also a proposed mechanism for the significant hypoglycemic activity.^[@bibr57-1559325820939429]^ Nontoxic behavior of the extract was confirmed by acute toxicity investigation of 2 weeks, where no death was observed during this period. This investigation endorsed suitability and safety of the plant for in vivo studies. Thus, profound antioxidant potential and nontoxic nature of the extract was a sufficient reason to further evaluate antidiabetic potential against STZ-induced diabetes model.

The study revealed a potent inhibition of α-glucosidase by 97.81% ± 1.87%. The inhibitory concentration IC~50~ was found to be 22.83 ± 1.53 µg/mL. Polyphenols have the ability to increase the secretion of insulin along with decreased glucose output. They also increase the disposing of adipocyte glucose in type 2 DM. The present study explains an inhibition of α-glucosidase possibly because of the presence of polyphenols. It is suggested that (70% hydroalcoholic) extract of *En* inhibits α-glucosidase possibly by decreasing glucose transport through the intestine epithelial surface.^[@bibr58-1559325820939429]^ α-glucosidase enzyme causes the degradation of oligosaccharides (branched chain) and categorized as a major source of hyperglycemia by releasing glucose.^[@bibr59-1559325820939429]^ Inhibition of the enzyme can be a potential approach in maintaining the glucose level within the optimized normal range. Literature studies reveal that many medicinal plants have an inhibitory property for α-glucosidase enzyme and are categorized as potential antidiabetic agent.^[@bibr60-1559325820939429]^ It is also reported in many studies that plants show α-glucosidase inhibition due to presence of the flavonoids as a chemical entity.^[@bibr61-1559325820939429]^ Thus hypoglycemic potential of the extract may be due to high contents of flavonoids.

Sections from diabetes-induced group exhibiting cytoplasmic degenerations, in islets, were improved markedly on treatment with *En* 500 mg/kg. The extract possesses the potential to ameliorate the histopathological injuries provoked by STZ and has the ability for the restoration of biochemical and hematological parameters, revitalization of endogenous antioxidants, and suppression of inflammatory markers. All this justifies its protective and shielding capacity to abrogate the pancreatic damage due to oxidative stress.^[@bibr11-1559325820939429],[@bibr46-1559325820939429]^ The defensive properties of *En* might probably be due to its phytochemical profile and antioxidant potential. Histology of STZ-intoxicated rats portrayed signs of severe toxicity due to necrosis, a high degree of damage in pancreatic cells by inducing inflammation, fibrosis, fatty degeneration, vacuolization, distortion of veins, cellular hypertrophy, hemorrhage, and steatosis. Administration of low and high dose of *En* ameliorated the toxic effects of STZ and decreased the damages induced with STZ intoxication. Protective effects displayed by the *En* might be attributed to the phytoconstituents such as flavonoids, terpenoids, sterols, tannins, and polyphenols.^[@bibr62-1559325820939429]^ Findings of this study suggest that *En* is a strong protective agent with free radical scavenging potential in pancreas toxicity; pharmacological evaluation of the *En* extract for in vitro antioxidant and pancreas-protective potentials validate remarkable in vitro antioxidant profile of the plant.

A 70% hydroalcoholic *En* extract exhibits significant anti-hyperglycemic effect in comparison with positive control group. The results are attributed to high phenolic and flavonoid contents. High-performance liquid chromatography analysis exhibits the presence of quercetin, gallic acid, caffeic acid, syringic acid, coumaric acid, ferulic acid, and cinnamic acid which might result in lowering of blood glucose. The study is in comparison with previous findings where the plants of family Euphorbiaceae has shown hypoglycemic potential.^[@bibr30-1559325820939429]^

Conclusion {#section29-1559325820939429}
==========

Our study showed that *En* (70% hydroalcoholic) extract possesses the potential to ameliorate the histopathological injuries provoked by STZ and has the ability for the restoration of biochemical and hematological parameters, revitalization of endogenous antioxidants, and suppression of inflammatory markers. All this justifies its protective and shielding capacity to abrogate the pancreatic damage due to oxidative stress. The defensive properties of *En* might probably be due to its phytochemical profile and antioxidant potential. The antidiabetic role of *En* extract was found to be comparable with glibenclamide which might be due to the presence of polyphenols and/or flavonoids. We propose that this plant extract may further be subjected to bioassay-guided isolation to identify the active component(s). The extract may be a good candidate as antioxidant and/or antidiabetic agent for developing new formulations.
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